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© System for positioning a transducer. 



© The present invention proposes a system for positioning a control object such as a magnetic head(1;11)by 
moving at a high speed such object (1;1 1)v/ithout generation of vibration. An actuator loading the magnetic head 
(l;li)and an arithmetic control means (3;l8)for controlling a drive motor (2;12)of the actuator based on result of 
digital arithmetics are comprised. The arithmetic control means (3;1 8)compute target position, target velocity and 
target acceleration of each sample period in accordance with polynomials indicating predetermined target- 
position, target velocity and target acceleration, output at least one error between the target position, target 
velocity as a result of arithmetic and position, velocity of the magnetic head. (1 ;1 !)at every sample period and 
control the drive motor (2;12)with an added output of the such position error or speed error and target 
acceleration as a result of the arithmetic. 
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SYSTEM FOR POSITIONING A TRANSDUCER 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



improved accuracy of positioning. 
2. Description of the Prior Art 
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' A storage^ratus sue, as ^ic - 
head seek operation for moving the head to t he U rgeUra ckp ^ ^ ^ 

disk by controlling an actuator mountmg the nead. «™ hea(j Moreovsr , even .n a 

tra ck position, data writing or read ,ng ope^°" ^ ^ f ™ ^ing such as pri nting is carried out by 
recording apparatus such as serial , pnnW. £ pi «e eto g^ _ 

^1s P alSo^ Structure of an ordinary magnetic disk apparatus of the 

^TX^^s rotata b ,y. for ^^^^^V^ 
a -p.nd.eH3 and these disks V$1™V through ? a support spring 

motor 114. Moreover, the magnet.c nead 115 is ^hea ^ ^ ^ , s 

"\ magnet, dls* apparatus to, *h density record ^^^0^ o^c 

sis - - - «• - 2 

schematically shows an example p, ^^J^SlStSi. dala read '*" i,e '™ a<,; '''' 

In Ha. 2. "5A denotes servo nead 10. positioning. 3 converter; 126, DA converter: 

, 22 . ,23 8 ampler: 124. deflator H *******^ ^ consisting o, microprocessor. 

; ,27, read/write control circuit: ,28. motor con, ol cirouit 129. » ^ „ loning s>st<>m . 

The same reterehce numerals are used tor ndica to ,he «sk row, g y _ ^ _ democ , u|alor )24 

This sarvo contro, system is termed ^ a *sed ioo 0. s r o h e - d ^p _ ^ ^ 

• ■ » - r atr^e^Sr^-L'S:^ 

corresponding to the moving distance of head. In t ge / . p ^ djstance up {Q 

the off-line basis and is shown in Fig. 3. is used as a func ^" curve shows the deceleration 

the target track position from the c^trackposrt^. ^fjf^ velocity the reof and the 
!5 characteristic for stopping the head at the target track pos, toon to ^ target velocjty 

50 ^ S ^Ms generally realized with a structure introducing the analog circuit but the structure which 
realizes such control with digital circu.t is also V 0 ? 05 * 6 . . . ■ the target velocity curve 
The positioning control in such prior art .^^L 0 ^ ^ not conduct contro. of acceleration, 
which indicates the deceleration charactenstic and bas .call y does ^ vQice coi| motor of 

Accordingly, the high speed seek operation requires supply of heavy 
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artuator at the time of starting seek and coincidence between acuta! velocity and target velocuy curve 
within a short oeriod of time, and also requires large change of drive current. 

Moreover change of drive current also becomes large when acceleration mode is swucned to the 
deceleration mode. Therefore, harmonics in the drive current increase deriving vibra ,on due * resonance 

5 JmSala. part of actuator including magnetic head and decrease the accuracy or the head portioning. 
Therefore it has been difficult to realize the high speed seek operation 

pTthis condition, it is thought to control the head velocity for both accelerate and decelerate of 
s~k but it is difficult to realize such control because the analog circuit structure is complicated. Moreover 
l ean al so be thought to realize such control with digital circuit, but it is far from easy to reahze such control 

,o without derivation of vibration even whan the head speed is control.ed for both accelerate and decelera- 
tes a system for controlling speed and acceleration of head in both acceleration and deceleration of 
seek ooeration in order to prevent the problem explained above, namely vibration and no.se of ; actuator 
means in the see k operation of head, two kinds of methods, the U.S. Patent No. 4,796,1 12 by M. Mizukami 

,5 et al and the U.S. Patent No. 4,937,689 by Jay. S. Sunnyvale et. al. are proposed. These methods employ 
the traoezoidal wave as the acceleration and deceleration current (acceleration) in order to suppress 
Sration Therefore these methods are required to determine the shape of trapezoidal accelerate ,n 
aS ^ dand w t eac seek stroke. In othe'r words, the times until the preset trapezoidal alteration 
re^esTe maximum value and minimum value and the time for switching the acceleration to decelerate 

20 o^^X!°st^ in the U.S. Patent No. 4,796,112 to set the ratio of upper side and bottom side of 
t *o£*ci wave in accordance with the seek stroke. Accordingly, these methods have tne d.sadvaruage 
that the circuit structure cr algorithm are very complicated for both analog and digital arcuus. 

25 SUMMARY OF THE INVENTION 

It is a main object of the present invention to provide a high speed positioning system for realizing 
acceleration and deceleration controls of actuator without generation of vibration in the transducer such as 
maqnetic head, optical head and print head apparatus. t „„ e<H ,,^r h» 

30 It is another object of the present invention to provide a positioning control system for transducer by 
simple algorithm utilizing digital arithmetic circuit. -^.^tinn nf thP 

Briefly the present invention is characterized by controlling pos.t.on, velocity and acceleration of the 
transducer minimizing a cost function by indicating such state values as the polynomials of the time. 

! more detail, the oresent invention comprises a drive such as actuator for rea zing positioning by 
as moving the transducer such as magnetic head and an arithmetic controller for centre ng i ^ d "^* . 
digital arithmetics. The target position, target velocity and target acceleration are indl ^^ e .^"°™ 
als of time on the basis of the acceleration and deceleration patterns which minimize square imegra ton 
value of differential value of acceleration of the transducer and the target position targe, velocuy and target 
acceleration of each time are computed in the arithmetic controller using such &Y n ™*-J n *™"™!* 
J0 controller outputs of at least one error between the target position, target veloc.ty as the resul of arunmet.es 
and position velocity of each sample period of the transducer, adds such position error or velocity error ana 
Z : target acceleration as a result of such arithmetic, controls the driver with this added signal and thereby 
positions the transducer to the target position. 

Other objects and characteristics of the present invention will be well unterstood from explanation about 
45 a preferred embodiment described with reference to the accompany.ng drawings. 

BRIEF DESCRIPTION OF THE DRA WINGS . . nrHinan , 

— Fig: 1 is a schema tic~se^on-aT^iw-^ra conventional magnetic disk apparatus compr.smg an ord.nary 

50 Rg^ OTd a ng. 3 are diagrams for explaining servo control for head positioning in the magnetic disk 
aoparatus of the prior art; 

Fig. 4 is a diagram for explaining the basic structure of the present invention; 

Figs. 5(A), 5(B). 5(C) are a block diagram for indicating a structure for head pos.t.oning control in the 
magnetic disk apparatus to which the present invention is applied; 
55 Fig 6 is a flowchart for explaining operation of an embodiment of the present mvent.on shown in Fig. 5. 
Fig 7 is a diagram for explaining position, velocity and acceleration of magnetic head; 
Fig. 8 shows a relation curve between the seek distance and inverse value of seek time of the magnetic 
head; 
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Fig 9 shows a relation curve between normalized distance and normalized time; and 
Fig 10 is an acceleration characteristic curve of magnetic head. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

Prior to exolanation about a preferred embodiment of the present invention, the basic structure of the 
present inventior , will b, ^^^—^l s t0 be controlled) such as magnetic head, 
r^^ori^ f* moving fte transducer 1 for the positioning; 3, arithmetic 

2 arithmetics; 4, data table consisting of memory. In the 

controller .or cent rolhrj the driver 2 *tn g accelerst ion are indicated with polynomials 

SiTe b-sT on he bS of'cceieSn and deceleration patterns which minimize the square integral 
ll Serentia l value o the acceleration of the transducer i and controls the driver 2 in accordance with 
l l itrri arithmetic result of each sample time and the arithmetic controller 3 computes the 

siTc^ ° f each samp,e period usins h su ? po r om ; a Q n 

outouts at "asi one 4ror between target position, target velocity as a result of such arithmet.c and position. 

S o eacn^pl period of transducer 1, moreover adds the position error or ^velodty error and the 
i Iteration as a result of such arithmetic and controls the driver 2 w.th tne added output 

9 Nam r t acce^ratio^ and deceleration profiles are set for minimizing sguare value of Afferent*, 
value oTacceleration. in this case, the cost function J is expressed by the followmg equat.on. 

j = / u 2 d t (1) 



25 



Where when a drive current of the driver 2 is assumed as i, u is defined as u 
;urrent i corresponds to acceleration. The state equation is expressed as 



di/dt and the drive 



A X + B u 



(2) 



30 



Here, A, B and X are defined as follows when the mass of transducer 1 is m. 
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. The boundary condition is as follows when the designed seek time is assumed as T and the moving 

distance as a. 
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Therefore, the target position Xi , target velocity X 2 and target acceleration X 3 of the positioning control 
for minimizing cost function J is indicated as follows. 

X, = -60a 0.1(t'T) 5 -0.25(t/T) 4 + (1/6)(t/T) 3 (5) 

X! = -eoa o.sa/iy - (tro 3 + o.5(t/T) 2 /t (6) 

X 3 - -60a 2(t/T) 3 - 3(t/T) 2 + (t/T) fV- (7) 



The equations (5), (6) and (7) are computed in the arithmetic controller 3 for each sample period (Ts) 
and the driver 2 is controlled to follow up the position, velocity and acceleration of the actual transducer. 
Since the gain of target velocity and gain of target acceleration are indicated in the equations (6), (7) as 

~ 6 0 a /T 

-60a/T' / "*' (8) 



the designed seek time T corresponding to the seek distance a or its inverse value 1/T or ratio (Ts/T) is 
35 previously stored En the data table 4 and the target velocity gain and target acceleration gain can be 

computed using the values obtained by retrieving the data table based on the moving distance a 

immediately before the seek operation. 

The time t from start of seek operation of transducer 1 is normalized by the designed seek time T and 

the target acceleration, target velocity and target position can be computed using this normalized time t/T. 
40 The normalized position x/a of each sample period can be computed by the distance X from start of the 

seek operation of transducer 1 and the designed seek distance. Then the normalizing time can also be 

obtained by retrieving another data table that stores relationship between the normalized position x/a and 

normalized time t/T. 

A preferred embodiment of the present invention in accordance with such basic structure will be 
^5 explained in detail. 

Figs. 5(A), (B), (C) are block diagrams of the head positioning control of the magnetic disk apparatus as 
the preferred embodiment of the present invention. In this figure, 1 1 denotes magnetic head consisting of a 
data head and a servo head; 12, voice coil motor for driving actuator loading magnetic heads; 13, amplifier; 
14, DA converter; 15, position signal demodulating circuit; 16. AD converter; 17, counter; 18, digital 

50 arithmetic circuit; 19, arithmetic circuit for addition, subtraction, multiplication and division; 20, memory; 20a, 
20b, first and second data tables. 

The arithmetic circuit 19 comprises, in a concrete example of Fig. 5(B), a circuit 190 for computing 
position of magnetic head, a circuit 191 for estimating speed of the head, a circuit 192 for normalizing the 
position signal, a circuit 193 for computing seek distance, a circuit 194 for computing the normalized time, a 

55 circuit 195 for computing the target velocity, a circuit 196 for computing the target acceleration, a switch 
circuit 197 for switching the normalized time signal, a circuit 198 for respectively computing the gains of 
target velocity and the target acceleration, a circuit 199 for computing error signal between the current 
velocity and target velocity and a circuit 200 for adding the velocity error signal and target acceleration 
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The current oosition of magnetic head on the magnetic disk can be obtained oy tne pos.t.on com put ng 
circuit 190 sing the accumulated value of track pulse obtained from a counter 17 and dev.at.on from the 
t ack center of magnetic head obtained from an AD converter 16. In th.s case, head velocrty can be 
ob t ned by 11% the current position signal and a drive signal of voice coil motor to the veloaty 
°s imation drcuit 191 and then computing such input signals with the ordinary veloc.ty est.mat.on algor.thm 
f genia, ouroose. Such velocity estimation algorithm is described, for example, in "Dig.tal Control of 
Dynamic Systems", 2nd edit.cn. Addison-Wesley, 1990, pp. 703-749 by G. Franklin, J. Powell and M.L. 

W ° The a current oosition signal (current track position) thus obtained is input to the seek distance arithmetic 
circuit %3 which comoutes difference between the current track and the target track designated from the 
ho cooler Hoover, this seek distance a is computed at the time of starting the seek operator, anc .s 
constant during the seek operation. Relationship between this seek distance a and the designet seek time T 
is p "set and stored, for example, in the first data table 20a. In this case, the gains (A.B .n the figure of the 
araet itocity and the target acceleration of equation (8) exp.ained above can be obta.ned only with 
\X>\\^cortuLi in the gain arithmetic circuit 198 by storing the inverse number m of the des.gned 
™ek t me T to table 20a. A ratio Ts/T cf the sample period Ts and designed seek time T can also be stored 
inlhe first data table 20a. Meanwhile, the second data table 20b is capable ofid storing relat.onsh.p oetween 
the normalized time (t/T) and normalized position (X/a). 

As explained above, the cost function J may be expressed by the following equat.on. 

J - I T u 1 d t 
• 

wh . ro u = di/dt and the drive current i is proportional to the acceleration. Therefore, the cost function 
j becomes equal to a value obtained by integrating the square value of the differential value of acceleration 
Tue target oosition X, , target velocity X 2 and target acceleration X 3 for posi t.onmg control which 
minimizes the cost function J are respectively indicated by the expressions of fifth fourth and th.rd orders. 
For instance, when constants are assumed as Co C* , the target velocity X 2 <s indicated as follows. 

X 2 = C 4 (t/T)* + C 3 (I'Tp + C 2 (t/T)* 
+ C, (t/T) + Co 



Such equations of target position, target velocity and target acceleration may be solved as indicated b_y 
the equations (5). (6) and (7) with the boundary conditions of X, = a, x 2 = 0, X 3 - 0 for t - O ana a-, 

°' X The arfthmSc circuits' 196, 197 obtain the target velocity X 2 and target acceleration X 3 for each sample 
period using the equations (6), (7), (8) and outputs a drive output signal to w"**™^*^"* 
follow such states. The arithmetic processing may be simplified by retr.ev.ng the f.rst and second data 
tables 20a, 20b in the arithmetic process. 

The normalized time tT explained above may be determined by a couple of methods dur.ng the seek 
; ooera.cn in the present invention. In the one method, it is determined by the ^r^c^t 194 
explained above. In this case. t/T is computed using 1/T which is an output of the first data .able 20a and 
the Cock of digital arithmetic circuit. In the other method, the second data table 20b ,s used Here, the 
second data table stores the relationship between the normalized position X/a and normal.zed time t/T and 
outputs the normalized time t/T from the normalized position X/a obtained by the position s.gnal normaliz.ng 

5 ^TortLTgeTaieration arithmetic circuit 196, the normalized time t/T output from the arithmetic 
circuit 194 is used. Moreover, for the target velocity arithmetic circuit 195, two kinds of normal.zed times 
Ld above are selectively used. Namely, the normalized time t/T output S^*™^™^™ 
is used for acceleration mode of seek operation while the normalized t.me tT stored n the secon J date 

5 table 20b is used for the deceleration mode. The switch circuit 197 is used for switching use of the 

""^ore^eHn case TsT for seek distance a is stored in the first data table 20a, t/T of each sample 
period can be obtained only by accumulating the values read from the first data table 20a. 
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Moreover, in case the relationship between the normalized time t/T and normalized position X/a is 
stored in the' second data table 20b/ the current distance X is divided by the seek distance a for each 
sample period and the normalized time t/T can be obtained from the second data table 20a based on such 
value X/a (normalized position). Accordingly, the target position X 1( target velocity X 2 and target accelera- 
tion X^ can be computed using such normalized time t'T for each sample period. 

TrVdrive signal for the voice coil motor 12 of actuator is obtained from an adder circuit 200 for adding 
an output (FF signal) of the target acceleration arithmetic circuit 196 and an output of an error signal 
arithmetic circuit 199. In this case, the error signal arithmetic circuit 199 obtains difference between an 
output (target velocity) of the target velocity arithmetic circuit 195 and an output (current velocity) of the 
velocity estimation circuit 192 and outputs a velocity error signal. 

For instance, an inverse value 1/T of the seek time T is obtained on the basis of seek distance a 
immediately before (at the time of starting) the seek operation the gains (-60a/T, ^OaT 2 ) of target velocity 
and target acceleration of equation (S) are computed, the normalized time t/T in the equations (5) (7) is 
computed for each sample time by multiplying the time passage t after start of seek time the inverse value 
1/T of the seek time, and the target position Xi, target X 2 and target acceleration X 3 can be computed 
trough multiplication of constants based on such values. 

This motor drive signal is then converted to an analog signal, namely to the drive current by the DA 
converter 14. This drive current is amplified by an amplifier 13 and is then supplied to the voice coil motor 
12. Thereby, the voice coil motor 12 is driven and the magnetic head 11 is positioned to the target track. 

The digital arithmetic circuit 13 may be formed by a digital signal processor including a multiplier. An 
external memory is also provided and thereby the first and second data tables 20a, 20b can also be formed. 

Fig. 6 is a flowchart for explaining operations of preferred embodiment, i his flowchart indicates 16 
processing steps (1) (16) in the digital arithmetic circuit 13. In the first step (1), the target speed gain and 
target acceleration gain (FF feed forward gain) are computed with the equation (8) by start of seek 
operation. In this case, since the seek distance a can be detected from the number of tracks which is equal 
to difference between the current track position and the target track position of the magnetic head 11 , the 
designed seek time T or its inverse number 1/T is obtained by retrieving the first data table 20a and the 
target velocity gain and target acceleration gain can be computed using this value 1/T. 

In the step (2), the current position information of head 11 is input for each sample period and in the 
step (3), the acceleration period or deceleration period is decided. This decision is based on the current 
position' information and the former half section from the boundary which is equal to 1/2 of the seek 
distance a is set as the acceleration section, while the latter half section as the deceleration section. 

In the case of acceleration section, t/T is computed in the step (4) and the target velocity is computed 
by the equation (6) in the step (5). Moreover, the target acceleration signal (Feed Forward FF signal) is 
computed by the equation (7) in the step (10), estimated velocity value (actual velocity of head) is 
computed in the step (11), velocity error = target velocity - estimated velocity value is computed in the 
step (12) and output signal = velocity error + FF signal is computed in the step (13). In the next step (14), 
the actuator drive signal is output to the amplifier 13 and the drive current is supplied to the voice coil 
motor 12 from the amplifier 13. Thereafter, end of seek operation is decided in the step (15). If seek is not 
completed, operation skips to the step (2). When seek is completed, the tracking control of step (16) starts. 

On the other hand, in the deceleration period, X/a is computed in the step (6) and the normalized time 
t/T is retrieved from the second data table based on the normalized position X/a in the step (7). The target 
speed is computed by the equation (6) in- the step (8) based on such data and operation skips to the step 
(10). 

In the arithmetic circuit of Fig. 5(B) explained above, only the target velocity is used as the embodiment 
but the present invention is not limited only to such embodiment. That is, the target position can also be 
used in addition to such target velocity and only the target position may also be used. Fig 5(C) shows a 
block diagram of the arithmetic circuit when both target velocity and target position are used. The arithmetic 
circuit of Fig. 5(C) is different from that of Fig. 5(B) in such points that an arithmetic circuit 201 for 
computing the target position is added and the gain arithmetic circuit 198 is also used to compute the gain 
^ (C in the figure) of the target position. Therefore, in this case, the error signal arithmetic circuit 199 
respectively computes error between the target velocity and current velocity and error between the target 
position and current position and input these error signals to the adder circuit 200. Moreover the adder 
circuit 200 adds this position error signal, velocity error signal and target acceleration signal and the added 
signal of these is used as the voice coil motor drive signal. 

Fig. 7 is a diagram for explaining normalized position, velocity and acceleration of magnetic head. In 
this diagram, the normalized time t/T is plotted on the horizontal axis, while the normalized position X/a, 
normalized velocity and normalized acceleration on the vertical axis, respectively. The curve a1 indicates 
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the target normalized position; the curve a2. the target normalized velocity and the curve a3, the target 

^^^Srooeration of magnetic head is comp.eted at the normalized time t/T = 1. Therefore 
the acc^eration t^ e is set in the range 0 0.5 of normalized time t/T and the deceleration t.me .s set in .he 
range O^rrofVr. The maximum normalizing acceleration in the acceleration penod .8 generated at ,he 

^f^e^s^Lee. the seek distance a of the magnetic head and inverse number -m of 
ripened ce-k time T with a curve b. The seek distance a corresponds to a number of tracks wn.ch .s equal 
fo Xrent blveen the current track and the target track of the magnetic head 11. When the see 
«, dltance a is given the inverse number 1/T of the designed seek time can be obtained by looking up such 
Sonshtp ir f Z first data table 20a. Therefore, the target velocity gain, target acceleration gam and 
nnrrn3 jj^ pr j fj me t/T can easily be obtained. 

F? 9 ndt:a tes relationship between the normalized distance X/a and normalized t-me VT. The 
acceleration period is set in the range 0 0.5 of the normalized time t/T, while the decelerate period in the 
,5 ranqe 0 5 1 0 of t'T Accordingly, in the acceleration period, the normalized distance X/a is ranged from 0 to 
0 5 while t is ranged from 0 5 to 1 in the deceleration period. The normalized time t/T may be ootoned 
lom he normalized distance X/a in each sample period by looking up such relationship .n tne second data 
abTe 20b. Therefore, the target position, target velocity and target acceleration can easily be computed. 
Fig 10 is a diagram indicating the acceleration characteristic of magnetic nead. The vertical axis 
o 0 indices acceleration m/s* and horizontal axis indicates time ms . The curve a shows an example of 
Se^tloTchiKteristic by the embodiment of the present invention and the curve b shows acceleration 
cha^c SSc of S "or an. In case the positioning of magnetic head is completed within the penod of 
about 5 m th embodiment of the present invention realizes smooth positioning control or magnetic head 
sine" peak value of acceleration is smaller than that of prior art and it also changes more smoo hly. 
25 ^rdTng to the embodiment of the present invention, the velocity and acceleration control may oe 
realitdf actuator without derivation of vibration of magnetic head. Moreover, the magnetic head can also 
be positioned to the target track accurately at a high speed. Moreover, such posit.on.ng control may also oe 
executed with simplified algorithm by digital arithmetics. 

A preferred embodiment applied to the magnetic disk apparatus has been explained above, but 
30 mor-ovT^ oresent invention can also be applied to positioning control of optical head or d.sk apparatus 
and that of print head of printer. In addition, this embodiment can surely be applied to mecnamcal 
positionina of an object to be controlled to the target position. 

The embodiment of present invention will be limited only by the scope of the claim thereof. 



35 Claims 



45 



50 



A system for oositioning a control object (1) to a designated target position comprising dr.ve means (2)- 
for moving and oositioning said control object(1)and arithmetic control means (3) for controlling said 
dlo m Tans (2) based on the result of digital arithmetics; wherein target position, target velocity and 
fa g^et acce e a on are indicated with polynomials of time based on acceleration and decelerajon 
oatterns which minimize the square value of the differential value of acceleration of saic control lot erf- 
(1); and wherein said arithmetic control means (3)compute target position, target ve.oc ,ty an ge 
acceleration of each sample period using such polynomials, output at least one error bet, veen the , targ-t 
oosition target velocity as a result of arithmetic and position, velocity of each sample period of sa.d 
con ol ob ect 0).contro, said drive means (2)by means of a composite signal of such Pos-t^r or 
velocity error and the target acceleration as a result of arithmetic and thereby pos.tion sa.d control 
object (1). 

A system for oositioning a control object according to claim 1. wherein said target position is assumed 
as X,, said target velocity as X 2 , said target acceleration as X 3 . seek distance as a, designed seek fame 
as T and polynomials regarding time as 



X, = -60a 0.1 (VT) 5 - 0.25(tnT + (1/6)(t/T) 3 
X 2 = -60a 0.5(t/T)* - (t/T) 3 + 0.5(t/T) 2 n 
55 X 3 = -60a 2(t/Tp - 3(t/T)2 + {t/T ) n* 

and the target position X,. target velocity X 2 and target acceleration X 3 for each sample period are 
computed in said arithmetic control means (3). 
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3. A system for positioning a control object according to claim 2, wherein a data table (4)storing the data 
indicating the designed seek time T corresponding to the seek distance a of said control object(1)or the 
inverse of said designed seek time T or the ratio of said designed seek time T and sample period is 
provided and the target velocity gain and target acceleration gain are decided using the numerical data 

5 obtained by retrieving said data table (4) . 

4. A system for positioning a control object according to claim 2 oder 3, wherein the period from start to 
end of positioning of said control object (1)is normalized by said designed seek time T for each sample 
period in said arithmetic control means (3) said target acceleration is computed using said normalized 

io time, said target acceleration is multiplied with said target acceleration gain and said result of 
multiplication is applied to the drive signal to be supplied to said drive means (2). 

5. A system for positioning a control object according to anyone of claims 2 to 4, wherein a data table 
storing the data which indicates said normalized time and normalized position is provided and said 

is target position, target velocity and target acceleration are computed by computing said normalized 

position from the current position and seek distance a of said control object(1)and said normalized time 
is obtained by retrieving said table (4)with said normalized position. 

6. A system for positioning a control object according to anyone of claims 1 to 5, wherein said control 
20 object(1)is composed of a magnetic head which is movable on a magnetic disk and said drive means- 

(2)is composed of an actuator loading a magnetic head and a positioning motor for driving said 

actuator. 

7. A system for positioning a control object according to anyone of claims 1 to 5, wherein said control 
25 object(1)is composed of an optical head which is movable on an optical disk and said drive means(2)is 

composed of an actuator loading an optical head and a positioning motor for driving said actuator. 

8. A system for positioning a control object according to anyone of claims 1 to 5, wherein said control 
object (1)is composed cf a print head which is movable on a printing sheet and said drive means(2)is 

30 composed of an actuator loading a print head and a positioning motor for driving said actuator. 

9. A system for positioning a magnetic disk apparatus consisting of an actuator for moving and positioning 
a magnetic head ( 1 1 )to the designated track on a magnetic disk and an arithmetic control means 
(17 ) 18,19,20)for controlling a drive motor (12)of said actuator based on result of digital arithmetics; 

35 wherein said arithmetic control means (17,1 8,1 9,20)comprises; 

three arithmetic circuits (1 90,1 95,196)for respectively computing the target position, target velocity 
and target acceleration of each sample period with polynomials of time of the target position, target 
velocity and target acceleration generated based on the acceleration and deceleration patterns which 
minimize square value of the differential value of the acceleration of said magnetic head (11), 

do two arithmetic circuits (1 91 )for estimating position and velocity of each sample time of said 

magnetic head, 

a sixth arithmetic circuit (l99)for computing at least one error between the target position, target 
velocity output from said first and second arithmetic circuits and position, velocity output from said 
fourth and fifth arithmetic circuits, and 
<:s a seventh arithmetic circuit (200)for adding the target acceleration signal output from said third 

arithmetic circuit and the position error output from the fourth arithmetic circuit or velocity error signal 
output from the fifth arithmetic circuit and then outputting a control signal for the drive motor(12)of said 
actuator. 

50 10. A system for positioning a control object comprising a driver for moving and positioning a control 
object(1;1 1)and a controller (3;18)having a means for generating at least one of the target acceleration, 
target velocity and target position and controlling said driver in accordance with at least one error of 
position, velocity and acceleration of control object measured or estimated from said control object, 
characterized in that the differential value of acceleration of said control object(1;1 1)is continuous end is 

55 less than the predetermined constant value during the seek operation and that the positioning is carried 
out using the target acceleration where the changing rate does not exceed predetermined constant 
value. 
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A system for positioning a control object according to claim 10, wherein the target acceleration, target 
velocity and target position are expressed by the function for normalized time (t/T), F = E ai (t/T) m 
using the value (t/T) obtained by normalizing the time t from start to end of the seek operation of the 
control object(l;1 1) with the designed seek time T and these functions are used. 
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